The biological activity of Sepharose-insulin 
The studies with Sepharose-insulin by Cuatrecasas and coworkers (1) (2) (3) (4) (5) are interpreted as experimental proof that the biological effects of insulin are the consequence of interactions of the hormone with receptors located at the cell membrane. Considering the relatively large size of the Sepharose beads as compared to the target fat cell, it was concluded that the insulin molecule could not enter the intact fat cell for its action. The validity and interpretation of these data (1) have been seriously questioned by Katzen and Vlahakes (6) . On the basis of calculations of the data from the original report (1) they pointed out that the biological activity of an average
Sepharose bead was about 10 /X. Consequently the Sepharose-insulin could not be diluted properly, since concentrations below 10 ,U/ml would only contain a single bead or less per incubation vessel. Apart from the above-mentioned calculations, the leakage of "free" hormone from Sepharoseinsulin (7) and Sepharose-growth hormone (8) upon incubation with biological material has been reported.
Recently Butcher et al. (9) pointed out "that hormones coupled to a solid matrix can provide important information about their mechanism of action. However, until important clarifications and corrections are brought forward, the studies reported by Cuatrecasas are exceedingly difficult to interpret as they now stand."
The present communication was designed to clarify the important point of whether insulin coupled to Sepharose particles per se is biologically active in different assays in vitro or whether the observed biological activity could be due to leakage of "free" hormone from the solid matrix. As in the original publication (1) , the isolated fat cell system was used. Besides stimulation of glucose oxidation, lipogenesis, and antilipolysis activation of pyruvate dehydrogenase [EC 1.2.4.1; pyruvate: lipoate oxidoreductase (decarboxylating and acceptor-acetylating) ] served as anindexfor biological activity. In addition, the response of pieces from epididymal fat pads to Sepharose-insulin was studied. Since epididymal fat pads possess a basement membrane, the majority of fat cells should not be exposed to the immobilized hormone and one would expect a decreased response; if any.
MATERIALS AND METHODS Sepharose 4B was purchased from Pharmacia and cyanogen bromide from Roth-Chemie, Karlsruhe, Germany. Cristalline bovine insulin was a gift from Farbwerke Hoechst, Germany. Sepharose-insulin was prepared as described (1, 10) . For the preparation of cyanogen-activated Sepharose, the procedure outlined by Porath et al. (11) was followed. During the reaction the pH of the suspension was kept at pH 11.0. After 15 min, the resin was washed free of bromide with 1 liter of 0.1 M NaHCO3 (pH 8.6) and distilled water. Insulin was then added to freshly prepared cyanogen-activated Sepharose (1, 10) . After the reaction, Sepharose-insulin was treated with 5 liters of 0.1 M NaHCO3 (pH 8.6) and 5 liters of H20. Then the resin was filled into a column and washing was continued as follows: 2 (17) . Antilipolytic activity was estimated by measuring the decrease of glycerol production in the presence of 1 ,uM norepinephrine (18) . The effect of insulin and Sepharose-insulin on the activation of pyruvate dehydrogenase in fat pad and isolated fat cells was determined as described (19) .
RESULTS
Identification of Sepharose-Insulin. Sepharose-insulin was prepared as described and washed with different buffer and salt solutions (Materials and Methods). In order to determine the amount of insulin per ml of packed Sepharose particles, 1.0 ml of Sepharose-insulin was hydrolyzed in 3 ml of 6 M HCl at 1100 for 24 hr. The amino-acid concentration in the hydrolysate was determined by the use of a Beckman aminoacid analyzer. Table 1 shows the amino-acid residues of preparation I after hydrolysis. Corresponding amino-acid patterns were obtained with the two other preparations described in Table 2 . The spectrum of the individual amino acids agrees well with native bovine insulin, only the concentration of lysine is rather low, indicating that lysine was modified during the preparation. Biological Activity of Sepharose-Insulin in the Isolated Fat Cell Assay of the Rat. Before use, all Sepharose-insulin preparations were washed extensively with incubation medium. The stimulation of 14CO2 production from [1-14C] glucose served as a parameter for biological activity. Fig. 1 shows a typical standard curve for native bovine insulin and Sepharoseinsulin. The graph indicates the discrepancy in biological activity between native insulin and the coupled hormone as defined on the basis of amino-acid analysis. Both Sepharoseinsulin and native insulin elicit the same maximal stimulation; the slopes of the linear part of the dose-response curves are in parallel, which was a consistent and reproducible. finding. In Table 2 (Fig. 1) , a concentration of insulin and Sepharose-insulin was chosen that pro- moted an identical stimulation of glucose oxidation after 60 min of incubation. In Fig. 2 Theoretical insulin concentration refers to amino-acid analysis; biological activity was tested in fat cell assay (17 At 60 min, both insulin and Sepharose-insulin achieve the expected same rate of lipogenesis; a higher rate is then observed in the samples with Sepharose-insulin. These experiments were reproduced with identical results. The time course of the stimulation with Sepharose-insulin can be interpreted as follows: at the beginning no "free" insulin is present in amounts sufficient to discriminate from basal activity, but during the incubation "free" insulin is continuously liberated from the solid matrix.
Comparison Between Total Biological Activity of SepharoseInsulin and "Free" Insulin in the Supernatant. After incubation, Sepharose particles can be easily separated from the medium and fat cells by centrifugation at 2000 X g. After removal of fat cells, an aliquot of the clear supernatant was transferred to a second bioassay using fresh fat cells. In addition, another aliquot was tested for immunoreactive insulin by the radioimmunoassay. In each test series, different concentrations of Sepharose-insulin were incubated. The results of three series of experiments are summarized in Table 3 . Again only a small percentage of the added Sepharose-insulin was biologically active. The data show a good correlation between the total biological activity of Sepharose-insulin and the amount of "free" insulin in the clear supernatant, when assayed by immunological and biological methods.
Effect of Sepharose-Insulin on Adipose Tissue. Although the surfaces of the segments from fat pads expose only a limited number of fat cells directly to the incubation medium, Sepharose-insulin preparations had an effect on glucose oxidation (Table 4) . Again, as demonstrated with isolated cells, the biological activity of Sepharose-insulin was markedly reduced as compared to that of native insulin.
As demonstrated previously, insulin has a regulatory effect on pyruvate dehydrogenase activity in fat cells and adipose tissue in vitro (19, (21) (22) (23) . Insulin promotes the transition of the inactive phospho-form to the active dephospho-form of the enzyme. Therefore, as an additional parameter, the effect of Sepharose-insulin on pyruvate dehydrogenase activity was studied ( Table 4 ). The maximal stimulation of pyruvate dehydrogenase is reached at 1 mU of insulin per ml; to gain a Stability of Sepharose-Insulin in Distilled Water and Buffer. Upon incubation of Sepharose-insulin with isolated fat cells and fat pad, soluble insulin could be detected in the supernatant. Therefore, the stability of Sepharose-insulin was tested in distilled water and in buffer solutions at 4' and 200. Sepharose-insulin was washed six times with distilled water and then incubated in 10 volumes of various media, as shown in Fig. 3 . At different time intervals the suspension was centrifuged for 15 min at 20,000 X g at 40 and an aliquot of the clear, particle-free supernatant was measured by radioimmunoassay. At the beginning of the incubation no immunoreactive insulin is detectable in the supernatant, but during incubation, increasing concentrations of immunoreactive insulin are liberated into the medium. This leakage of "free" insulin from Sepharose-bound insulin seems not to be affected by a change in the pH of the buffer, whereas it appears to be temperature-dependent. Even at 40 without agitation, soluble immunoreactive insulin is released from the Sepharose-insulin preparation.
Incubation of Sepharose-insulin at concentrations and conditions used in the biological assays (albumin medium, 370, agitation at 120 cycles/min) was performed in the presence and absence of the usual amount of lipocytes. After 90 min, comparable concentrations of "free' hormone (biological and immunological activity) were detected in the supernatant. This would indicate that the presence of cellular material does not influence the release of insulin activity from the Sepharosematrix.
DISCUSSION
If one compares the biological activity of Sepharose-insulin as measured with different assays in vitro with the concentration obtained by quantitative amino-acid analysis, only 0.2-0.7% activity is actually found. This finding is in contrast to the original report by Cuatrecasas (1) and may in part clarify some of the questions raised by Katzen and Vlahakes (6).
Since it is questionable whether quantitative immunological determination can be carried out properly with immobilized insulin, such data have not been included in the present communication.
The comparable biological activity obtained with segments from epididymal fat pad is surprising since one would expectif any-a considerably lower activity than that obtained with isolated fat cells. One would assume that the rather large Sepharose beads should not gain any access to the interstitial space of the fat pad and only a small number of fat cells at the cut surfaces would be expected to respond to the immobilized hormone. The present finding strongly suggests that the observed biological effect of Sepharose-insulin preparations is due to soluble insulin of a smaller molecular size, which has been dissociated from its matrix.
One could argue that the Sepharose-insulin was not properly prepared and that this could be responsible for a leakage of "free" hormone. However, the obtained yield of insulin per milliliter of packed Sepharose and the low recovery of lysine after acid hydrolysis are in good agreement with the original data (1) . In addition, these data agree with previous reports from other laboratories, where leakage of insulin (7) or growth hormone (8) coupled to Sepharose has been observed. With all three preparations, both biological as well as immunological activity has been recovered in the supernatant after incubation in the presence and absence of biological material.
Oka and Topper (24) observed that insulin with a higher specific activity can be extracted from Sepharose-insulin preparations. In our studies the soluble immunological and biological activities are in good agreement, which indicates that no "superactive insulin" was liberated from Sepharoseinsulin.
According to studies of Axon et al. (25, 26) and Porath et al. (11) , the main products between the cyanogen-activated Sepharose particles and the attached protein are N-substituted imido carbonates, substituted isourea, and N-substituted carbamic esters. We believe that there is also the possibility of a formation of an amidine linkage, which is known to be at an equilibrium with the free amine and the nitrile (27) .
Quantitative comparison of the total biological activity of Sepharose-insulin with the amount of insulin activity in the supernatant (Table 3) after separation of the particles by centrifugation indicates that the leakage of soluble insulin is not a minor negligible event but, in essence, represents the total biological activity of the preparation. In fact, the present data suggest that the coupled insulin per se is biologically inactive in the assays used in vitro. This conclusion is not in contradiction to the report of Soderman et al. (28) that fat cells bind to Sepharose-insulin, nor do we intend to question the use of Sepharose-insulin for affinity chromatography, e.g., the separation of insulin-binding proteins (3) or insulin-degrading proteinase (29) . At present there is little doubt about the basic concept that most, if not all, of the effects of insulin occur as a result of interactions with specific receptors at the cell membrane. However, experiments with Sepharose-"bound" insulin cannot be accepted as direct proof that insulin does not enter the cell for its action.
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